Introduction
Northwestern Arkansas is one of the fastest growing urban areas in the United States while at the same time it is one of the most productive poultry areas in the Nation. As a result, the water quality of northwestern Arkansas streams has become the focus of environmental concern. Public and government concern about point and nonpoint source contributions of nutrients and other constituents to surface and ground waters has elevated to a point where legislation is being passed to establish numeric stream nutrient criteria, and lawsuits have been filed against the poultry industry and municipal wastewater-treatment plant (WWTP) effluent dischargers. Water-quality concerns in northwestern Arkansas mainly relate to nutrient enrichment and sediment. For example, the U.S. Environmental Protection Agency (USEPA) recently added 27 streams in northwestern Arkansas to the list of impaired water bodies because of increased nutrient and sediment concentrations (Arkansas Department of Environmental Quality, 2005) . However, nationwide attention also has focused on the occurrence of organic wastewater constituents (OWCs) in surface and ground water. Kolpin and others (2002) conducted a nationwide reconnaissance of 95 antibiotics, pharmaceuticals, hormones, and other OWCs in streams and detected 82 constituents measured at numerous sites. OWCs were found in 80 percent of the streams sampled. However, little is known about the occurrence, extent, transport, and fate of many synthetic organic chemicals after their intended use, particularly hormonally active chemicals and antibiotics. Until recently, there have been few analytical methods capable of detecting these constituents at low concentrations that might be present in the environment. The development of these analytical methods has resulted in several new studies addressing the occurrence, fate, and transport of OWCs in the aquatic environment (Andreozzi and others, 2004; Barnes and others, 2004; Kolpin and others, 2004) . Potential concerns related to the environmental presence of these constituents include abnormal physiological processes and reproductive impairment, increased incidences of cancer, the development of antibioticresistant bacteria and plasmid transfer, and the potential increased toxicity and carcinogenic activity of these chemicals and chemical mixtures.
The U.S. Geological Survey (USGS) in cooperation with the University of Arkansas and the U.S. Department of Agriculture, Agricultural Research Service collected data in 2004 to determine the occurrence and extent of pharmaceuticals and other OWCs in streams in northern Arkansas, especially those receiving WWTP effluent discharge. These constituents potentially are associated with human, industrial, and agricultural wastewaters and the use of prescription and nonprescription 1 U.S. Geological Survey. drugs, steroids, reproductive hormones, and personal care products. Some of the constituents are found in poultry manure, which is often applied to pastures as an organic fertilizer in northern Arkansas.
Purpose and Scope
The purpose of this report is to describe the occurrence of pharmaceuticals and other OWC's, including many constituents of emerging environmental concern, in selected streams in northern Arkansas. This report presents the occurrence of 108 OWCs and is focused on sites upstream and downstream from WWTP effluent discharges in the selected streams. Samples were collected in March and April 2004 from 17 sites located upstream and downstream from WWTP effluent discharges on 7 streams in northwestern Arkansas and at 1 stream site in a relatively undeveloped basin in north-central Arkansas. Samples also were collected again in August 2004 at three sites on one stream in northwestern Arkansas. The targeted OWCs and sample sites were selected because WWTP effluent discharge provides a potential point source of these constituents, and analytical techniques have improved to accurately measure small amounts of these constituents in environmental samples.
Description of Study Areas
Samples were collected from sites within two study areas in northern Arkansas ( fig. 1; table 1 ). One study area includes streams in Benton and Washington Counties in northwestern Arkansas. The other study area is the North Sylamore Creek Basin in north-central Arkansas.
Northwestern Arkansas is one of the more densely populated areas of Arkansas. It also is one of the fastest growing urban areas in the United States (U.S. Census Bureau, 2005) . The largest cities in the area are Fayetteville (62,078 people), Springdale (52,471 people), Rogers (42,795 people), and Bentonville (26,397 people) (U.S. Census Bureau, 2005) .
Land use in the northwestern Arkansas study area generally consists of a mixture of urban, pasture, and forest. For example, the Illinois River Basin upstream from the ArkansasOklahoma State line, which includes Mud Creek, Spring Creek, and Osage Creek, is approximately 7 percent urban land, 29 percent forested, and 63 percent agricultural (mostly pasture) land. The Spavinaw Creek Basin upstream from the Arkansas-Oklahoma State line drains a pasture dominated watershed with a high density of poultry farms. Arkansas is the second largest producer of poultry in the Nation and Benton and Washington Land use in the North Sylamore Creek Basin (58.1 square miles) is nearly 99 percent forested. A USGS streamflow and water-quality station on North Sylamore Creek near Fifty-Six is part of the USGS Hydrologic Benchmark Network, which includes sites across the Nation where long-term measurements of streamflow and water-quality data are collected in areas that are minimally affected by human activities.
Methods
Water-quality samples were collected at 17 stream sites in northwestern Arkansas, and at 1 stream site in north-central Arkansas in March and April 2004. A second set of samples also were collected in August 2004 at the three sites on Mud Creek (sites 8, 9, and 10; fig. 1 ). Samples were collected upstream and downstream from the effluent discharges from the city of Fayetteville WWTP (Mud Creek and the White River), the city of Springdale WWTP (Spring Creek), the city of Rogers WWTP (Osage Creek), and the city of Decatur WWTP (Decatur Branch and Spavinaw Creek) ( fig. 1 and table 1 ). Sample sites were selected at various distances downstream from the WWTPs, including the Illinois River south of Siloam Springs, Arkansas (site 18), which is downstream from WWTPs at the cities of Fayetteville, Rogers, and Springdale. North Sylamore Creek near Fifty-Six (site 3) in north-central Arkansas also was sampled to determine the occurrence of OWC's at a site draining a relatively undeveloped basin.
Samples were collected and processed using protocols described in Wilde and others (1998a Wilde and others ( , 1998b Wilde and others ( , 1998c Wilde and others ( , 1999a Wilde and others ( , 1999b . Water-quality samples were collected from a single vertical point in the stream because of well-mixed conditions, low velocities, and small cross-sectional areas at the streams. Samples were filtered at each site with a 0.7-micron pore size, baked glass-fiber filter and shipped to the laboratories in amber baked-glass bottles, chilled to 4 degrees Celsius. Physical properties (water temperature, pH, dissolved oxygen, and specific conductance) also were measured at each site using protocols described in Wilde and Radke (1998) . Streamflow measurements were made at each site using an acoustic Doppler current profiler and methods described in Rantz and others (1982) . To minimize contamination of samples, use of personal care items, caffeinated products, pharmaceuticals, and tobacco were minimized during sample collection and processing.
One replicate and one blank sample were collected during March and April 2004 for quality control and assurance. The replicate sample was collected concurrently with the routine sample at Spavinaw Creek near Cherokee City, Arkansas (site 7). The blank sample was processed with laboratory-grade organic-free blank water at Mud Creek south of Highway 45 at Fayetteville, Arkansas (site 8) by using the same field methods and equipment used to collect the environmental samples at each of the stream sites. A blank sample also was collected at the same site in August 2004.
Samples were analyzed for antibiotics and antibiotic residuals by the USGS Organic Chemistry Research Group Laboratory in Lawrence, Kansas (table 2). Samples were analyzed for five classes of antibiotics (beta-lactams, macrolides, quinolones, sulfonamides, and tetracyclines) using two on-line solidphase extraction methods and liquid chromatography/mass spectrometry (LC/MS). Samples were extracted for tetracyclines using a Spark-Holland glyphosate prospekt cartridge and the quinolone, sulfonamide, beta-lactam, and macrolide antibiotics were extracted using Waters HLB prospekt cartridges.
Samples for other pharmaceuticals and OWCs, excluding antibiotics, were analyzed by the USGS National Water Quality Laboratory in Lakewood, Colorado (table 2). The water samples were extracted at the laboratory by vacuum through disposable solid-phase extraction (SPE) cartridges that contain polystyrene-divinylbenzene resin. Cartridges were dried with nitrogen gas and then sorbed constituents were eluted with dichloromethane-diethyl ether. Constituent concentrations were determined by capillary-column gas chromatography/ mass spectrometry (GC/MS) (Zaugg and others, 2002 <.50 <.20
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Epi-tetracycline <.10 <.10 <.10 <.10 <.10 <.10 <.10 <.10 Overall, 42 of the 108 targeted constituents in the collected water-quality samples were detected, and the most frequently detected constituents included phenol, caffeine, para-cresol, and acetyl hexamethyl tetrahydro napthalene (AHTN) ( fig. 3 ) for samples collected in March, April, and August 2004. At sites upstream from WWTP effluent discharges, the most common constituents found were caffeine, para-cresol, and phenol. These constituents are relatively mobile and widely used in common, everyday products. For example, caffeine is found in numerous beverages; phenol is used as a disinfectant in manufacturing numerous products; para-cresol is a common wood preservative. Phenol and para-cresol also were found in streambed sediments at sites in northern Arkansas, southern Missouri, southeastern Kansas, and northeastern Oklahoma (Bell and others, 1997) and at relatively undisturbed sites in north-central Arkansas (Petersen, 1999) .
Several pharmaceuticals and other OWCs were detected in samples collected at sites on Mud Creek in August 2004 that were not detected in previous samples. Recent investigations have focused on the occurrence of antibiotics and some degradation products in streams and benthic sediment (Hirsch and others, 1999) . Four different antibiotics (anhydro-erythromycin, trimethoprim, oflaxacin, and sulfamethoxazole) were detected in the samples collected in March 2004 at Mud Creek downstream from the WWTP effluent discharge (sites 9 and 10; tables 2 and 3). At Spring Creek (sites 12 and 13), anhydroerythromycin and trimethoprim were present in detectable concentrations in the samples collected in March 2004 (tables 2 and 3). Sites at Mud Creek also were sampled again in August 2004 where eight different antibiotics (erythromycin, tylosin, ciprofloxacin, sulfamethoxine, and four antibiotics previously detected) were found in water samples collected downstream from the Fayetteville WWTP (sites 9 and 10). In addition, five other OWCs (5-methyl-1H-benzotriazole, 4-tert-octylphenol, 3-methyl-1H-indole, carbaryl, and octylphenol, monoethoxy) were detected in the August 2004 samples that were not (table 2) . Although streamflow conditions were similar for the two sampling events, higher water temperature and lower dissolved-oxygen concentrations were measured during the second sampling event compared to the first sampling event, and may have affected the mobilization of certain constituents (table 4) .
A replicate sample collected at Spavinaw Creek near Cherokee City (site 7) indicated good reproducibility of the laboratory results with similar concentrations for two of the three detected constituents (para-cresol, phenol, and bromoform). Bromoform was detected in one of the samples but not the other. However, the concentration was below the laboratory reporting limit and was estimated. Two field blank samples collected, one during the routine sampling period (March 2004) and one during a resampling event at Mud Creek south of Arkansas State Highway 45 at Fayetteville (site 8) (August 2004) , were compromised at the USGS National Water Quality Laboratory in Lakewood, Colorado, and did not yield sufficient results to determine the effectiveness of equipment cleaning procedures for the analysis of pharmaceuticals and other OWCs during sampling. This lack of quality assurance information decreases confidence in the environmental significance of OWC detections, especially at estimated concentrations. However, associated field blank samples sent to the USGS Organic Chemistry Research Group Laboratory in Lawrence, Kansas, for the analysis of antibiotics and antibiotic residuals did not yield any detections of the targeted constituents.
Summary
The purpose of this report is to describe the occurrence of pharmaceuticals and other OWC's, including many constituents of emerging environmental concern, in selected streams in northern Arkansas. Samples were collected in March and April 2004 from 17 sites located upstream and downstream from WWTP effluent discharges on 7 streams in northwestern Arkansas and at 1 site in a relatively undeveloped basin in north-central Arkansas. Samples also were collected again in August 2004 at three sites on Mud Creek. The targeted OWCs and sample sites were selected because WWTP effluent discharge provides a potential point source of these constituents, and analytical techniques have improved to accurately measure small amounts of these constituents in environmental samples. Potential concerns for the environmental presence of these constituents include abnormal physiological processes and reproductive impairment, increased incidences of cancer, the development of antibiotic-resistant bacteria and plasmid transfer, and the potential increased toxicity and carcinogenic activity of the chemicals and mixtures of the constituents.
At least one pharmaceutical or other OWC was detected at all sites in 2004, except at Spavinaw Creek near Maysville, Arkansas. The number of detections generally was greater at sites downstream from WWTP effluent discharges compared to sites not influenced by municipal WWTP effluent discharges. The mean number of detections upstream from WWTP effluent discharges was 3, and the mean number of detections at sites downstream from WWTP effluent discharges was 14. Four antibiotics and five other OWCs were detected in samples collected on Mud Creek in August 2004 that were not detected in previous samples. Overall, 42 of the 108 constituents targeted in the collected water-quality samples were detected in samples collected in March, April, and August 2004. The most frequently detected constituents included phenol, caffeine, paracresol, and acetyl hexamethyl tetrahydro naphthalene. 
